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Abstract 

This manuscript reports a successful additive free and fast energy-efficient microwave-assisted 

synthesis of nanocrystalline Ce-doped ZnO/CNT composite without calcinations. The structure 

and morphology of nanocrystalline Ce-doped ZnO/CNT was investigated by X-ray Diffraction 

(XRD), Field Emission Scanning Electron Microscope (FESEM), Fourier Transform Infrared 

Spectroscopy (FT-IR), UV-visible and Photoluminescence (PL) spectroscopy. The XRD results 

indicate that all of the samples are free of any impurity phase and crystallize only in the 

hexagonal structure. The synthesized Ce-doped ZnO/CNT composite achieved 96.4% photo-

catalytic efficiency for methylene blue (MB) dye degradation under UV irradiation whereas the 

efficiency was only 34.6 % for pure ZnO nanoparticles. Ce doping and insertion of CNTs into 

ZnO matrix enhanced the photo-catalytic activity of the composite by reducing the charge 

recombination. The experimental photodegradation data were well fitted to first-order, parabolic 

diffusion and modified Freundlich models. The results suggest that Ce-doped ZnO/CNT 

composite prepared by microwave irradiation method has a potential application in photo-

catalysis which leads to the removal of harmful organic pollutant from the environment. 
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1. Introduction 

Heterogeneous photo-catalysis is considered as an effective method for the complete degradation 

of organic and inorganic pollutants by producing electron hole pairs after adsorption of a photon 

at ambient temperature and pressure [1–3]. ZnO is a wide band gap semiconductor (3.37 eV) 

photocatalyst with large exciton binding energy of 60 meV [4]. ZnO-based photocatalysts have 

been studied extensively because of their excellent properties, such as high chemical stability, 

good optical and electrical response, nontoxicity, and abundance in nature [5,6]. However, a 

major drawback of achieving high photo-catalytic efficiency is the quick recombination of photo-

generated charge carriers that greatly reduces the quantum efficiency of photo-catalysis. To 

overcome this limitation, a variety of methods, such as the metal doping, noble metal deposition, 

semiconductor coupling, dye sensitizing, and non-metal modification, have been developed [7–

10]. Among these methods, doping with metal is the most effective to enhance photo-catalytic 

properties of ZnO in order to extend its practical applications. 

 A numerous investigations have been reported on the utilization of several metals such as  Fe[6], 

Pd[5], W[11], Se[12], Al[10], Cu[13], Ag[14] and Sb[7] to tune the desirable properties of ZnO. 

In addition to these metal doping, the rare earth metal, like Ce displays a high surface basicity, 

fast oxygen ion mobility and substancial catalytic properties which make ZnO as a suitable 

candidate for enhancing photo-catalytic properties [15]. Ismail et al. [16] reported the synthesis 

of Ce-doped ZnO under mild hydrothermal conditions utilizing polyamines triethylenetetraamine 

and observed the higher degradation of MB under UV irradiation than pure ZnO. Both Lijuan et 

al. [17] and Jiantai et al. [18] synthesized highly uniform NiCo2O4@CeO2 and TiO2@h-CeO2 

core@shell nano composites and studied their enhanced photo-catalytic efficiencies. Chaorong et 

al. [19] fabricated CeO2-ZnO nanofibers by electrospinning method and evaluated the effective 

photo-catalytic activity by degradation of Rhodamine B. Yousefi et al. [20] and Shi et al. [21]  

synthesized Ce-doped ZnO by sol-gel method and studied photo-electrochemical activity as well 

as monitored luminescence properties. Shanthi et al. [22] reported the solvothermal synthesis of 

Ce co-doped Ag-ZnO photocatalyst and demonstrated that that the prepared material showed 

more efficient photo-catalytic activity  than Ag-ZnO, Ce-ZnO, commercial and synthesized ZnO, 

TiO2-P25 and TiO2 (Merck) for the degradation of Naphthol blue black dye under solar light 

irradiation.  

The aim of this present work is to develop an inexpensive, facile and fast microwave-assisted 

synthesis technique to fabricate a Ce-doped ZnO/CNT composite. As a new carbonaceous 

material, carbon nanotube (CNT) with unique properties such as high aspect ratio, high surface 



area to volume ratio, ability to be substituted chemically, high electro-catalytic effect, strong 

adsorptive ability, excellent biocompatibility, good optical and electronic response, have been 

regarded as promising candidate for various applications [23,24]. CNTs have a large electron-

storage capacity (one electron for every 32 carbon atoms) and therefore may accept photon-

excited electrons in mixtures or nanocomposites with ZnO thereby retarding the recombination 

and synergistically enhance the photo-catalytic activity [25,26].  

Up to date, very few works have been reported on photo-catalytic degradation by metal-doped 

ZnO/CNT composites. Moreover, most of the reported methods of Ce-doped ZnO as well as 

metal-doped ZnO/CNT required the use of high temperature, long reaction time and high 

pressure. These reported methods of composite fabrication involve the use of environmentally 

malignant chemicals and organic solvents, which are toxic and not easily degradable in the 

environment [15,27]. Therefore, there has been a strong demand to design a facile, rapid, 

convenient, low-cost, green and additive free method. 

The microwave (MW) irradiated method has been shown to offer a number of benefits over 

conventional solution method such as rapid and homogeneous heating, mild reaction conditions 

and drastically short reaction time. Recently, MW energy has been effectively used in the field of 

materials science for synthesizing various composite ceramic powders at far lower temperatures 

and shorter time periods compared to conventional methods [28,29]. 

Herein we reported a facile, additive free microwave-assisted protocol for the synthesis of Ce-

doped ZnO/CNT composite using water, zinc acetate and CNT suspension. To the best of our 

knowledge, this is the first report on the additive free microwave-assisted synthesis of Ce-doped 

ZnO/CNT composite. The photo-catalytic performance of as-synthesized Ce-doped ZnO/CNT 

composite was investigated by degradation of methylene blue (MB) under UV irradiation as 

compared with pure ZnO and Ce-doped ZnO. 

 

2. Experimental Section 

2.1. Materials 

All chemicals and reagents were analytical grade and used without further purification. Zinc 

acetate dihydrate (Zn(CH3COO)2·2H2O, Merck, Germany), sodium hydroxide, cerium sulfate 

and methylene blue (MB) were purchased from Sigma-Aldrich. Multi-walled carbon nanotubes 



(MWCNTs) were also purchased from Sigma-Aldrich with detailed specifications as follows: 

length (5-9 μm), diameter (110-170 nm) and assay > 90% (carbon basis). 

2.2. Sample Preparation  

Functionalization of MWCNTs was carried by immersing 1.0 g of MWCNTs into a 40 ml 

mixed solution of concentrated sulphuric acid and nitric acid with a volume ratio of 1:1. 

The mixture was then heated to 70-80°C for 5 hours under refluxing to get dark-brown 

suspension which was cooled naturally to room temperature. The MWCNTs were then 

filtered and washed with distilled water until the pH of the filtered solution was about 6-7. 

The product was then dried at 80°C in an oven and kept in desiccators.  

Pure ZnO was prepared by MW irradiating of the solution containing 0.05 M zinc acetate, water 

and sodium hydroxide. Ce-doped ZnO composite was prepared by the same method using 

microwave with the addition of 5% wt Ce into 0.05 M zinc acetate solution. To synthesize Ce-

doped ZnO/CNT, initially 5 wt% CNT and 5 wt% Ce were added into 100 ml 0.05 M zinc 

acetate solution and the solution was sonicated (Powersonic 405, Hwashin technology Co., 

Korea) for 1 h to get a uniform dispersion. An aqueous solution of NaOH (5 M) was added 

drop-wise into the solution until the pH value reached 11. Then the solution was placed in a 

domestic microwave oven (Samsung Engineering Co., Korea) with a microwave stirrer (Bel 

Art Scienceware Co., USA) which was operated at 450W and a frequency of 2.45 GHz for 5 

minutes. The as-synthesized Ce-doped ZnO/CNT sample was isolated by centrifugation followed 

by washing several times with distilled water and ethanol. Finally, the sample was dried in an 

oven at 80 ºC for 12 h. 

 

2.3. Samples Characterization  

 

The crystalline structure of prepared samples was analyzed by XRD using Cu-Kα radiation 

(λ=1.5406 Å). The morphology of the prepared samples was investigated with a Field Emission 

Scanning Electron Microscope (FESEM, JEOL JSM-7600F). Point and shoot analyses were 

applied to determine the presence of elements in the samples by Energy-dispersive X-ray 

spectroscopy (EDS). 

The absorption spectra of the prepared samples were investigated by UV-visible spectroscopy 

(UV-1800, Shimadzu, Japan). FT-IR spectra were recorded in transmission mode on KBr pellets 

using a Prestige-21spectrometer (Shimadzu Corp., Japan). The Photoluminescence (PL) 



properties of synthesized samples were measured by a spectrofluorophotometer (RF-5301, 

Shimadzu Corp., Japan) in ethanol. 

 

2.4. Photo-catalytic studies  

 

The photocatalytic activities of the samples were evaluated by measuring the photodegradation 

of methylene blue(MB). Experimental process was as follows: the powder samples (50 mg) were 

added to a 100 ml of methylene blue (MB) aqueous solution (5 mg/L). In all experiments, the 

aqueous solution was stirred continuously in the dark for 60 min to ensure adsorption/desorption 

equilibrium and then irradiated. Under ambient conditions and constant stirring it was subjected 

to UV irradiation (60 W low pressure mercury lamp; 362 nm). The distance between the dye 

solution and the light source was kept within 25 cm. Samples were taken at a regular interval by 

a syringe and after centrifugation, the absorbance of the MB solution at 664 nm was measured 

using a UV–vis spectrophotometer to determine the residual concentration. The photo-

degradation efficiency (%) of MB was calculated using the following equation:  

 

Efficiency (%) = (C0 – Ct)/C0 × 100≈ (Ao-At)/Ao × 100                                                     (1) 

 

where A0 is the absorbance of MB before the treatment and At is that of after treatment at time t. 

 

Four kinetic models were employed to study the photodegradation process [30]. 

The zero-order model describes the dissolution process and can be generally expressed as: 

Ct - C0 = -kt                                                                                                                     (2) 

The first-order model expresses the photo-catalytic dissolution degradation by systems and can 

be generally written as: 

log (Ct /Co) = -kt                                                                                                               (3) 

The parabolic diffusion model elucidates the diffusion controlled photo-catalytic degradation and 

the equation is as follows: 

(1- Ct /Co)/t = kt
-0.5

 + a                                                                                                       (4) 

The modified Freundlich model explains experimental data on ion exchange process with the 

following equation: 

(Ct - C0)/C0 = kt
b 
 

log (1- Ct /Co) = log k + b log t                                                                                          (5) 



In these equations, Co and Ct are the concentration of MB at irradiation time ‘0’ and ‘t’, 

respectively, k the corresponding rate constant, and a and b constants [30]. 

 

3. Results and Discussion 

3.1. FT-IR analysis 

 

Functionalization of CNTs plays an important role in facilitating the binding of ZnO NPs 

on the surface of CNTs since it introduces chemical functional groups to the surface of 

nanotubes. The polar groups like hydroxyl or carboxyl on the functionalized CNTs surface 

are then able to interact with the oxygen of the ZnO NPs. The interaction could be through 

hydrogen bonding, or the oxygen atoms of hydroxyl or carboxyl groups interact with Zn 

atoms through the pair of electrons on the oxygen atoms. The formation of chemical bond 

is also possible. 

FTIR is used to analyze the chemical bonding and type of functional groups grafted onto 

the nanotubes. Fig. 1 shows the FTIR spectra of pure and acid treated functionalized-

MWCNTs (FMWCNTs) respectively. The FTIR spectrum of functionalized CNTs exhibits 

absorption peak at 1715 cm
−1

 corresponding to the stretching vibration of C=O from the 

carboxylic groups (–COOH). The carbonyl characteristic peak is also observed at about 

1636 cm
-1

 and can be assigned to the carbonyl group from quinine or ring structure. The 

broad peaks at 1180 cm
−1

 could be assigned to C–O stretch from phenol or lactone groups 

and also to C–C bonds. The band at 2910 cm
-1

 and 2850 cm
-1

 corresponds to C-H 

stretching. The peak at around 3400 cm
−1

 corresponds to O-H stretching. This peak can be 

assigned to the hydroxylic group of moisture, alcohol, or carboxylic groups. The aromatic 

C=C stretch is observed at around 1580 cm
−1

 in spectra of both pure CNTs and 

FMWCNTs [32,33]. 

The peaks at 899 cm
-1

 and 442 cm
-1

 indicate the presence of O-Zn-O and Zn-O stretching 

respectively (Fig. 2 (a)). The origin of two bands at 1119 cm
-1

 and 620 cm
-1

 due to O-Ce-O and 

Zn-O stretching respectively indicate the successful doping of ZnO by Ce (Fig. 2(b) and (c). It is 

remarkable that the band position of doped samples are slightly shifted to the higher 

wavenumber, this may be due to the change in particles size or degree of aggregation during 

doping [35,36]. No other absorption band except mentioned here was detected in FTIR spectra 



which substantiates that the synthesized samples are almost pure without any significant 

impurity. 

 

3.2. XRD analysis 

 

Fig. 3 shows the XRD patterns of pure ZnO, Ce-doped ZnO and Ce-doped ZnO/CNT 

photocatalysts. All prepared samples showed a hexagonal wurtzite crystal structure and high 

crystallinity of ZnO photocatalyst (JCPDS No. 01-075-0576). The prominent peaks labeled at 

31.93°, 34.57°, 36.43°, 47.57°, 56.75°, 62.95°, 66.51° 68.11° and 69.35°  correspond to the 

(100), (002), (101), (102), (110), (103), (200), (112) and (201) planes, respectively, confirming 

the formation of hexagonal zinc oxide phase [5,11]. As can be seen, the XRD patterns for Ce-

doped ZnO and Ce-doped ZnO/CNT nanostructures are almost similar to pure ZnO and no 

diffraction peaks associated to Ce and other related impurities such as CeO2, Ce2O3 or other 

crystalline forms were identified. Then, it can be concluded that Ce
4+

 ions would uniformly 

substitute into the Zn
2+

 sites or interstitial sites in ZnO lattice. However, the sharp diffraction 

peaks reveal that the as-prepared pure ZnO, Ce-doped ZnO and Ce-doped ZnO/CNT 

nanostructures have high crystallinity [15]. No characteristic diffraction peaks of CNT are 

detected due to the low amount of CNT in the composite [9]. In addition to the  identification of 

the crystalline phase, the XRD data were used to estimate average size of the crystallites, D, 

calculated from the peak half-width β, using the by Scherrer’s equation [5],  

 
cos

k
D



 
  (6) 

where k is a shape factor of the particle, λ and θ are the wavelength and the incident angle of the 

X-rays, respectively. The average crystal size is calculated as 42 nm, 35 nm and 25 nm for pure 

ZnO, Ce-doped ZnO and Ce-doped ZnO/CNT respectively. 

 

3.3. FESEM and EDS analysis 

 

Fig. 4 shows the FESEM images of pure ZnO, Ce-doped ZnO and Ce-doped ZnO/CNT. It is 

clear from Fig. 4 (a) that the pure ZnO is composed of spherical particles with significant 

aggregation, while the morphology of Ce-doped ZnO is apparently different (Fig. 4 (b)). After 

incorporation of Ce-ions into the ZnO matrix, the morphology turns into nano rods with some 

aggregation. However, the morphology of Ce-doped ZnO/CNT (Fig. 4 (c)) reveals that the 



particles are now mostly isolated nano rods. In the liquid-phase chemical synthesis method, in 

addition to the internal structures, morphology, and microstructure of ZnO crystal are affected by 

peripheral conditions like precursor, pH value and reaction temperature [37]. The morphology of 

ZnO changes from spherical to rod shaped with the Ce ion doping because of the fact that crystal 

lattice spacing of (100) and (101) crystal face shrinks and (002) expands when Ce substituting 

for Zn sites.  In addition, incorporation of CNT also promotes the growth of rods.  

 

To determine the elemental composition of Ce-doped ZnO/CNT composite, the EDS 

analysis was carried out results obtained are depicted in Fig. 4(d). The spectrum reveals the 

presence of Zn, O, C, and Ce the absence of other elements, confirming that the synthesized 

composite is Ce-doped ZnO/CNT. The percentages of the atomic compositions of Zn, O, C 

and Ce are presented in the Table 1. 

 

3.4. UV-Vis absorption spectra 

 

Fig.5 shows UV-Vis absorption spectra of pure ZnO, Ce-doped ZnO, and Ce-doped ZnO/CNT 

dispersed in absolute ethanol. The spectra were recorded from 800 nm to 300 nm, giving an 

absorption peak at 368 nm, 371 nm and 380 nm for pure ZnO, Ce-doped ZnO and Ce-doped 

ZnO/CNT nano composites, respectively. A small red-shift in the case of Ce-doped ZnO and Ce-

doped ZnO/CNT compared to that of pure ZnO reveals the existence of a chemical interaction 

between dopant and CNT with ZnO NPs. The similar observation was reported in the case of 

ZnO-reduced graphene oxide-CNT and TiO2-CNT composites [9,38,39]. These absorption peaks 

indicate that the particle size of prepared samples are in nano region [40,41]. The band gap of the 

synthesized samples was found to be 3.37, 3.33 and 3.26 eV for pure ZnO, Ce-doped ZnO and 

Ce-doped ZnO/CNT, respectively. The general relationship between the band gap energy, Eg 

(eV) of ZnO and its wavelength, λ (nm) is given by the equation, Eg= 1240 / λ. It is evident that 

higher value of wavelength is associated with lowering of the band gap. 

 

 

 

 

3.5. Photoluminescence analysis 



 

Fig. 6 depicts the room-temperature PL spectra of the pure ZnO, Ce-doped ZnO and Ce-doped 

ZnO/CNT at the excitation wavelength of 325 nm.  All PL spectra showed a similar pattern with 

three emission bands around at 378-382 nm (near band edge emission), 467 nm (blue-green 

emission) and 547 nm (green emission). The sharp band at 378-382 nm corresponds to the near 

band edge (NBE) emission, which is attributed to excitonic recombinations [42–44]. The blue-

green emission peak at 467 nm in visible region may originate from the direct recombination of 

electrons in Zn 4p conduction band with holes in O 2p valence band. However, the green 

emission peak at 547 nm attributed to the presence of many point defects, such as oxygen 

vacancies [36]. As compared with the spectrum of pure ZnO, the PL peak of Ce-doped ZnO and 

Ce-doped ZnO/CNT composite displays a red shift, which is consistent with the results of UV-

vis absorption spectra. Furthermore, the introduction of CNT decreases the excitonic PL intensity 

which indicates that the recombination of photo-induced electrons and holes in ZnO can be 

effectively inhibited in the composite. Photo-catalytic activity is closely related to the lifetime of 

photo-excited electron-hole pairs [45].  

 

3.6. Evaluation of photo catalytic efficiency 

 

The photo-catalytic activities of the prepared pure ZnO, Ce-doped ZnO and Ce-doped ZnO/CNT 

catalysts were evaluated by the photo-catalytic degradation of MB dye as a representative 

organic pollutant in presence of UV irradiation (Fig.7 (a)). Ce-doped ZnO/CNT composite 

showed 96.4% degradation efficiency at 240 min irradiation while degradation efficiencies of 

pure ZnO and Ce-doped ZnO were 34.6% and 67.5%, respectively. The elevated photocatalytic 

activity may be due to the effective electron transfer between the CNTs and the doped ZnO 

nanoparticles. A possible synergistic effect between the Ce-doped ZnO nanoparticles and 

CNTs on the enhancement of photocatalytic activity is schematically presented in Fig. 8. 

When the ZnO is illuminated by UV photons, electrons (e-) are excited from the valence 

band (VB) to the conduction band (CB) of the ZnO NPs creating a charge vacancy or holes 

(h+), in the VB. Cerium plays an important role in the movement of photogenerated 

electrons and simplifies the separation process of e
–
/h

+
 pair. In the absence of CNTs, rapid 

recombination results in a low photocatlytic activity because of only a small fraction of e
–

/h
+
 participated in the photo-catalytic reactions. In the case of Ce-doped ZnO/CNT 

composite, the strong interaction between the CNTs and the Ce-doped ZnO results in a 



close contact to form a barrier junction which offers an effective route of reducing 

electron-hole recombination by improving the injection of electrons into the CNTs [46]. 

Therefore, CNTs acts as a favorable reactant-product mass transport system since CNTs 

are relatively good electron acceptor while the ZnO is an electron donor under irradiation. 

In addition, stronger adsorption on photocatalyst for the targeted molecules of pollutant is 

achieved by the incorporation of the nanotubes due to their large specific surface area and 

high quality active sites [47,46]. The adsorbed oxygen molecules on the CNTs react with the 

electrons forming very reactive superoxide radical ion (O2•-) which oxidize the target 

pollutant. On the other side, the hole (h
+
) oxidize hydroxyl groups to form hydroxyl radical 

(•OH) which can degraded the target pollutant. 

The photo-catalytic efficiency of the Ce-doped ZnO/CNT composite and previously 

reported composite photocatalysts is compared in Table 2. 

 

Four kinetics models viz. zero-order, first-order, parabolic diffusion and modified Freundlich 

model were applied and calculated at the corresponding linear correlation coefficient (R
2
) (Fig.9; 

Table 3). These kinetic data indicate that the zero-order model is not eligible to explain the entire 

system (Fig. 9a), whereas first-order, parabolic diffusion and modified Freundlich models fit the 

experimental photodegradation data quite well. A detailed examination of data point distribution 

suggests that the whole photo-catalytic degradation process consists of mono linear modeling. 

The modified Freundlich model describes heterogeneous diffusion from the flat surfaces to the 

solvent using a composition gradient. This result suggests that (i) the system is controlled by the 

adsorption-desorption of MB on the ZnO surface and (ii) the photo-catalytic degradation of the 

dye molecules occur on the ZnO surface. The first order rate constant follows the order as Ce-

doped ZnO/CNT (0.00579 min
-1

) > Ce-doped ZnO (0.00211min
-1

) > pure ZnO (0.00072 min
-1

) 

respectively. Ce-doped ZnO/CNT shows the best photocatalytic activity compared to Ce-doped 

ZnO and pure ZnO under UV light irradiation. 

 

4. Conclusions 

In this work, a new kind of nanocrystalline Ce-doped ZnO/CNT composite was successfully 

synthesized through a single-step via microwave-assisted method. Different experimental data 

confirm that the synthesized composite is free of any impurity phase and crystallize in the 

hexagonal structure with a disperse nano rod as surface morphology. The as prepared Ce-doped 

ZnO/CNT composite shows highest photo-ctalytic efficiency in MB dye degradation compared 

with Ce-doped ZnO and and pure ZnO NPs. This was possibly due to the assemblage of 



exceptional properties by CNT support and Ce dopant. The appearance of CNT could generate 

numerous active sites and increase surface area while Ce doping enhanced the separation of 

photo-generated carriers because of Ce
3+

/Ce
4+

 ion substitution. Overall, this reported method 

offers a facile and effective approach of synthesizing Ce-doped ZnO/CNT composite. 
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Fig.1. XRD patterns of the pure ZnO, Ce-doped ZnO and Ce-doped ZnO/CNT nanocomposite. 

Fig.2. FESEM images of (a) pure ZnO (b) Ce-doped ZnO (c) Ce-doped ZnO/CNT 

nanocomposite (d) EDS spectrum of Ce-doped ZnO/CNT nanocomposite. 

Fig.3. FTIR spectra of (a) Pure MWCNTs and (b) Functionalized MWCNTs. 

Fig.4. FTIR spectra of (a) Pure ZnO (b) Ce-doped ZnO and (c) Ce-doped ZnO/CNT nano 

composite. 

Fig.5. UV-vis absorption spectra of pure ZnO, Ce-doped ZnO and Ce-doped ZnO/CNT 

nanocomposite. 

Fig.6. PL spectra of pure ZnO, Ce-doped ZnO and Ce-doped ZnO/CNT at excitation wavelength 

325 nm. 

Fig.7. (a) UV-Visible spectra for degradation of MB with Ce-doped ZnO/CNT photocatalyst  (b) 

Photodegradation efficiency of pure ZnO, Ce-doped ZnO and Ce-doped ZnO/CNT 

photocatalysts under UV at room temperature. 

 

Fig.8. Schematic diagram of the mechanism of photodegradation over Ce-doped ZnO/CNT 

nanocomposite under UV light irradiation. 

. 

Fig.9.Photo-catalytic degradation kinetic models: (A) Zero-order model (B) first-order model, 

(C) parabolic diffusion model and (D) modified Freundlich model. 

 

 

 

 

 

Table 1 Elemental analysis of pure ZnO, Ce-doped ZnO and Ce-doped ZnO/CNT 

nanocomposite.  

Samples  O K  Zn K  Ce K  C (CNT)  

Weight

%  

Atomic

%  

Weight

%  

Atomic

%  

Weight

%  

Atomic

%  

Weight

%  

Atomic

%  

Pure 

ZnO  

36.31  69.95  63.68  30.04      



Ce-

doped 

ZnO  

18.10  42.14  78.91  56.96  2.98  0.88    

Ce-

doped 

ZnO/CN

T  

18.69  41.52  66.90  37.44  8.06  2.25  6.35  18.77  

 

Table 2: Comparison of Photo-catalytic efficiency of different photocatalysts for dye 

degradation. 

Photocatalyst Typical  parameters  Photo-

catalytic 

activity 

Reference photocatalyst 

; Photo-catalytic 

activity 

References 

W-doped ZnO Degradation of MB 

under UV light 

irradiation 

a
DE of 80% Pure ZnO, DE of  40% [11] 

ZnO-rGO Degradation of MB 

under UV light 

irradiation 

DE of 88% Pure ZnO; DE of 68% [48] 

ZnO-CNT Degradation of MO 

under UV light 

irradiation 

DE of 98% Pure ZnO, DE of 35% [49] 

g-C3N4/ZnO Degradation of RhB 

under visible light 

irradiation 

DE of 97.4% Pure ZnO; DE of 48% [50] 

CeO2 Degradation of amido 

black under UV light 

irradiation 

DE 45.6%  [51] 

Ni-Co co doped 

CeO2 

Degradation of MB 

under visible light 

irradiation 

DE of 60% Pure CeO2; DE of 20% [52] 

ZnO-CeO2 Degradation of MB 

under UV light 

irradiation 

DE of 49.65%  [53] 

Ce-doped 

ZnO/CNT 

Degradation of MB 

under UV light 

DE of 96.37% Pure ZnO, DE of 34.6% This work 



irradiation 

 

 

 

 

Table 3   R
2
 photo-catalytic kinetic models applied to pure ZnO, Ce-doped ZnO and Ce-doped  

ZnO/CNT nanocomposite. 

Photoctalytic 

degradation Kinetics 

models  

Pure 

ZnO  

Ce-doped 

ZnO  

Ce-doped 

ZnO/CNT  

   

 R
2
  k  R

2
  k  R

2
  k  

Zero-order model  0.2991  0.00259  0.3928  0.00312  0.3531  0.00333  

First-order model  0.9123  0.00072  0.9852  0.00211  0.9916  0.00579  

Parabolic diffusion model  0.9806  0.1936  0.9847  0.2209  0.9796  0.1865  

Modified Freundlich 

model  

0.8508  0.043  0.959  0.089  0.9822  0.079  
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